Photon correlation studies of light scattered by a dense disordered medium at and around the backscatter direction reveal a polarization dependence of the correlation function. This is related to the polarization dependence of the mean intensity of the enhanced backscatter associated with coherent cooperative effects in such media.
There has been considerable interest recently in the phenomenon of enhanced backscattering of light from disordered random media, 1 -' 7 rough surfaces,18 2 0 and atmospheric turbulence. 21 ' 22 The phenomenon itself is of general interest and has practical consequences in, e.g., remote sensing, but much of the motivation for studies in this area comes from the possibility of observing the localization of light. 2 3 Figure 1 shows the basic experimental layout for measurements of enhanced backscatter. Figure 2 (a) shows the average scattered intensity as a function of angle for a scatterer consisting of a 10% concentration of 0.46-Mm-diameter latex spheres in water for linearly polarized incident light of 514-nm wavelength. The average intensity of the copolarized and cross-polarized scattered light is different, with the copolarized intensity at the backscatter typically being of the order of 1.7 times that of the intensity off backscatter (e.g., at 20-30 mrad). Figure 2 (b) shows a photograph taken in the backscatter direction for copolarized light. It is now established-6 that the enhancement is due to the fact that the scattered wave due to the n scattering events associated with the wave vectors ki, kj, k 2 , . .. kf (where ki and kf are the incident and final wave vectors) is identical to the reverse path in the backscatter (i.e., kf = -kg) for the copolarized component. Since forward and reverse amplitudes are identical for the copolarized case, the waves interfere, and an enhancement of up to a factor of 2 is possible in the backscatter direction. In practice, the enhancement is less than two for the copolarized case because of the contribution of single scattering and multiple scattering involving the same scatterer. For the cross-polarized component, the forward and reverse paths are partially coherent, with the degree of coherence decreasing as the order of scattering increases-in effect, only the shortest paths give any enhancement. The enhancement factor for this case is typically -1.3 in the above experimental arrangement.
The half-width at half-height of the enhanced backscatter peak is governed by diffraction and is of the order of X/l*, where l* is the effective transport mean free path length. The observed backscatter half-width of the order of 3 mrad in Fig. 2(a) implies an average transport path length l* -170 ,um; since the scattering mean free path at this concentration is only a few micrometers, it is clear that the average order of multiple scattering is very high. Because of diffraction effects, all path lengths make a contribution to the copolarized return in the exact backscatter direction, whereas only the shorter paths make a contribution as the angle increases away from backscatter, since the diffraction cones associated with shorter paths are relatively broader.
The dynamic time behavior at and near the backscatter was investigated by Maret and Wolf. 24 The correlation function is strongly nonexponential.
Since different angles of observation near the backscatter involve different total transport path lengths, L, each of which has a different time scale, the temporal correlation of the scattered light is a function of the angle. The field correlation is given by 24 
(E(O)E*(t))
where I(L) is the intensity contribution of transport paths of length L and r is a single scattering relaxation time. Measurements of the intensity correlation,
are given in Ref. 24 for the copolarized case and are supported by the above reasoning. In this Letter we report measurements of the temporal correlation of both the copolarized and crosspolarized components as a function of the angle near backscatter. Correlation times are extracted as a descriptive parameter of the curves, and the variation of the correlation time with the angle close to backscatter 
for these effects, the normalized contrast is approximately unity. Figure 4 summarizes the measured correlation data for the copolarized and cross-polarized cases at angles of 0, 1, 3, 7, and 9 mrad from backscatter; the vertical axis is the logarithm of the ratio of the measured correlation function in each case to that of the copolarized case at a large angle (-40 mrad). For the copolarized case, this ratio starts at approximately unity for 0 = 0, increases to a maximum at 0 -3 mrad, and then falls to unity again at high angles, again in agreement with previous results. 2 4 However, for the cross-polarized case, the ratio starts at unity at 0 = 0 and decreases smoothly as the angle increases.
To compare the differing behavior of the copolar- turns out to be different in the copolarized and crosspolarized cases.
In our experiments, a 10% concentration of 0.46-gmdiameter latex spheres in water was used with an argon-ion laser at X = 514 nm. The sampling pinhole diameter of approximately 30 grad was much smaller than the speckle size (-250 grad), and the sampling time of 2 gsec was much smaller than the typical correlation time of 100 gsec. A polarizer and an analyzer were used to define the direction of linear polarization of the illumination and detected beams. Standard photon correlation techniques were used to estimate the intensity autocorrelation function of the scattered light; the correlator used was a Langley-Ford 128-channel instrument. Typical detected photon rates were -0.5-1.0 per sample time, and a typical experiment time was 50 sec (i.e., -2.5 X 107 samples). A qualitative explanation of the observed dependence of correlation time on angle and polarization is now given, and it is based on the fact that longer scattering paths give rise to shorter correlation times. 2 4 The correlation function of scattered light consists of two contributions, one from the incoherent intensity and the other from the coherent intensity (i.e., that responsible for the intensity enhancement at backscatter). The incoherent contribution is approximately independent of angle for the small angles of observation around backscatter in our experiment, whereas the coherent component varies with the angle and polarization, as explained below. At large angles (i.e., a few tens of milliradians), where only the incoherent contribution is present, the time scale is shorter for the cross-polarized case since its average scattering path length is longer.
For the coherent contribution, two effects give rise to the observed behavior of the correlation time. First, by diffraction, each transport path length contributes an enhancement peak whose width is inversely proportional to the path length; therefore, observations at 0 = 0 include coherent contributions from all path lengths, whereas observations at larger angles include coherent contributions only from shorter paths. Second, the overall magnitude of the coherent contribution decreases away from the backscatter, and at large angles the time scale observed is that of the incoherent component.
For the copolarized case, it has been established that the forward and the reverse scattering paths are always coherent, regardless of the transport mean free path. 4 6 All transport path lengths contribute at 0 = 0 and at large 0, giving similar correlation times in these two cases. However, as 0 increases from zero, only shorter transport paths contribute to the coherent component of the intensity, and thus the correlation time begins to increase. But as one increases 0, the relative contribution of the coherent component to the total intensity decreases and ultimately, at large angles, the correlation time must decrease again to that determined by the incoherent intensity. The maximum correlation time for the copolarized case is observed at approximately the half-angle of the enhancement peak.
For the cross-polarized case, only the shortest forward and reverse paths are coherent, 4 -6 and so the dominant effect on the correlation time is simply the relative contribution of the coherent component to the total intensity, which gradually decreases from a maximum to zero. The path-length effect is negligible, as large paths never contribute to the coherent component.
In conclusion, we have shown that dynamic light scattering by a dense disordered medium has a strong polarization dependence that can be explained qualitatively in terms of the proposed mechanism of intensity enhancement shown by such systems.
